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Abstract Introduction
During 1946 to 1958 the United States conducted 66 nuclear tests in the Northern Marshall Islands. Several of these tests deposited near and intermediate range fallout on islands that have been historically inhabited or have been used for subsistence agriculture. On 1 March 1954, a nuclear weapons test code named BRAVO, was conducted at Bikini Atoll. The explosive yield greatly exceeded expectations resulting in Bikini, Rongelap, Rongerik, Ailinginae, Ailuk, Mejit and Utirik Atolls being contaminated with debris.
For more than 20 years, the Marshall Islands program at Lawrence Livermore National Laboratory (LLNL) has studied the fate of test debris in the tropical atoll environment. This program has been charged with characterizing the extent of the contamination, calculating radiological doses to man through various pathways and investigating remediation techniques. Several sampling trips per year are required to support this scope of work. Approximately 5000 environmental samples, representing constituents of the radiological pathway to man, are collected each year. Most of these samples are assayed for gamma emitting radioisotopes.
The Facility
The mission of the Low-Level Gamma Spectroscopy Facility (LLGSF) of the Health and Ecological Assessment (HEA) Division of LLNL is to provide the expertise and equipment to perform nondestructive assays of gamma emitting radionuclides contained in a variety of sample matrices. The HEA Division and its predecessors have had facilities since the 1960's to determine the concentrations of gamma emitting radionuclides found in the environment (Allen, 1994) . These facilities have evolved into the LLGSF.
The facility is housed in Building 379, which was specifically designed and constructed for the purpose of housing the equipment required to perform lowlevel radionuclide activity measurements. This building was constructed in 1983 with carefully'chosen low background materials. The floor pad rests on 10 cm of black serpentine aggregate selected for its low levels of naturally occurring radionuclides. The concrete mixture also contains the same serpentine instead of the local gravel. Special attention was given to the thermal insulation and heating and cooling equipment in the counting bay. This reduces the variation in temperature and humidity, contributing to stability in the analytical systems. The electrical service is on emergency generator backup and is filtered and conditioned to lessen power disturbances.
The status of several conditions is monitored on a routine basis. The building power is monitored by a power line disturbance meter. The temperature and humidity are recorded. The detector background is checked weekly.
Analytical Systems
The current data collection system is the GENIE@ system manufactured by Canberra -Nuclear Datal. This system is designed for the collection of spectral data from several detectors while simultaneously being able to perform data reduction calculations on a Digital Equipment Corporation2 (DEC) VAXStation@ running DEC's VMSB operating system. Listed in Table 1 are the detectors currently in use. There are currently 20 up looking lithium drifted germanium (Ge(Li)) and high purity germanium (HPGe) gamma detectors operating. These detectors are contained in steel shields to reduce environmental background radiation. The detectors are connected to high voltage bias supplies and spectroscopy amplifiers. The outputs from the amplifiers are connected to mixer routers that multiplex the signals and allow the use of one analog to digital converter(ADC1 per mixer router. The ADC signal goes to the acquisition interface module (AIM) where the pulse height analysis occurs. Each AIM has the capacity to store 231-1 counts in each of 63,488 channels. The AIM communicates with the VAX via Ethernet. The Genie software running on the VAX provides for the display and manipulation of the spectral data.
Calibration
Calibration is the process of identifying and documenting the characteristic parameters of a detector and signal processing system. Our current calculation scheme relies on having the calibration standards as similar as possible in geometry and material composition as the samples of interest. With this system, there are two basic calibrations required for sufficient detector characterization. They are the energy versus channel number relationship that includes a full width at half peak maximum (FWHM) characterization and an efficiency versus energy calibration.
Two characterizations that are not performed are the count pile-up correction and the coincidence summing error correction. Pulse pile up occurs when two gamma rays arrive at the detector within the width of the amplifier's output pulse. The low emission rates of the typical environmental level samples (much less than the 1000 s-' specified in ANSI, 1991) allow us to neglect the error contributions from pulse pile-up. Coincidence summing is radionuclide, geometry and detector dependent. When analyzing samples that emit coincident gamma rays at window to sample distances less than 10 cm, a graph of summing correction versus detector to sample distance is constructed. The factors read from this graph are used to correct the activities (Brunk, 1995) . The major isotope of interest, 137Cs, does not emit coincident gamma rays.
The energy versus channel number calibration describes the relationship between the channel number and the gamma energy. The calibration software provided with the GENIE system calculates offset, slope and quadratic factors. The FWHM describes the peak shape. This shape varies with peak energy and is a function of the physical construction of the detector and the bias voltage. The detector efficiency describes the relationship between number of gamma rays emitted at a particular energy that deposit all of their energy in the detector and number of the counts detected. The program calculates an efficiency for each of the described gamma rays in the standard and fits a curve to the set of energy -efficiency pairs. This efficiency curve may be :described in one of two ways. The software vendor refers to these as empirical, which is calculated via cubic splines, and non-empirical, which is calculated using a least square fit routine. The spline method assumes that with N calibration energies, N-1 third order polynomials exist such that the first and second derivatives are continuous at each of the energies. By definition, the resulting curve passes through each of the energy points. This method is very local in nature causing a maximum extrapolation of 10 keV at the ends of the curve. The least squares fit method does not have this extrapolation restriction. (Canberra, 1989) -
Analysis And Data Reduction
Marshall Islands samples come to the facility in boxes of 72 to 100 samples depending on the sample container. The groups of samples have been separated by experiment or priority and contain blind quality control samples. They are contained in one of three containers. (See Table 2 for the list of the containers used.) 
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A limited number of samples are received and are stored away from the detector room prior to analysis. By keeping only a small inventory a distance from the detectors the possibility that radiation from the stored samples will raise the background is minimized.
Samples are selected for analysis. We prefer to analyze groups of samples that contain similar amounts of activity so that sample throughput can be maximized. The sample name, detector name, sample weight and zero time for each of the samples are entered on the log sheet. Any errors are lined out and initialed.
The sample data are keyed or scanned in to the computer and the samples are placed on the detectors. A Digital Command Language (DCL) command procedure, start-bk.com, starts the analyzers. (See Appendix A)
Generally, the samples are analyzed for a specific length of time or for a specified counting error for a particular peak. The routine preset count time is for a minimum of 1000 minutes or four percent counting statistic in the lJ7Cs peak. Samples that are suspected to contain an extremely low level of activity are counted for a longer time. This might be as long as 6000 minutes Lower activity samples might require a longer count time to achieve the required statistical: error if the samples are being counted to a specific counting error.
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After the time or statistical error criteria have been met, the analyzers are stopped and the data are transferred to disk storage. The analyzed samples are returned to the experimenter.
Non -Routine Analytical Procedure
Occasionally, the experimenter will specify special analysis conditions that are different from those used for the routine analysis. The flexibility of the data collection system allows for the rapid change in counting criteria. A common situation is the analysis of 40K in vegetation samples. The stopping parameter is to terminate the count after the counting statistic for the 1460 keV gamma ray goes below ten percent. Another common situation is the desire to analyze the sample multiple times for the same stopping criteria. In this case, the sample is simply added to the counting stream as many times as necessary. A third situation occasionally occurs when samples are contained in a non-standard geometry. In this case, the appropriate standard is constructed and a calibration is performed.
Data Reduction
The spectra are inspected for correct channel -energy relationship and the fit coefficients are adjusted if necessary with the calibration program supplied by Canberra. The DCL command files necessary for analysis are created so that the spectra are conveniently ordered and the file are submitted to the VMS batch processing facility for calculation. A nuclide library containing isotopes that have been found historically in samples from the Pacific Proving Grounds is used to identify the radionuclides in the sample spectra. (See Appendix B) The command procedure new-calc.com causes the nuclides to be identified, activities calculated, weighted means calculated for isotopes having more than one gamma ray and minimum detectable activity limits to be calculated. (See Appendix A) This procedure creates a printout and two disk files containing the activities and the minimum detectable activities in abbreviated form. The results are checked for data entry errors and defects in the measurement process. If the report appears correct, the data are released to the experimenter. If the sample input data are not correct, the incorrect information is replaced with an editing program supplied by Canberra and the spectrum is reanalyzed. If there has been a defect in the spectra due to equipment malfunction, the sample is reanalyzed.
As the VAX's disks become full, the calculated data and spectra are archived. Before the archive process is started, the files produced by the analysis codes are checked for completeness. Results are recalculated for any sample not complete. The analytical result data files are transferred over the Ethernet to a local computer and to the group's central file server. The spectra and the data files are written to magnetic tape and to the L W L long term archive system. This multi-step archiving process is described in the check list found in Appendix C.
Sample Management
The main sample tracking mechanisms use the log sheet that is filled out as the sample count is started and an action file that the termination procedure makes as it executes. The log sheet contains space for the sample identifier, sample description, sample type, sample location, quantity and units, zero time, start date, detector, spectrum identification and the date the data was released to the experimenter. (See Appendix D) The action file created by the count terminating command procedure contains an electronic record of the count parameters. The spectrum identification, detector name, user code, sample identification, start date and time and the count live time are recorded. (See Appendix E)
Quality Control
Quality Control (QC) is the process undertaken to provide confidence that a process will produce a particular result. The quality control program in use at the facility has two major parts. The first part deals with the accuracy, precision and freedom from contamination of the whole sample process. The second deals with the consistency of the procedures and equipment used for the analysis. Each part is the responsibility of a separate group of individuals.
Sample Process Quality Control
The experimental program staff take steps to implement the first part, measuring how well the facility analyzes the sample set. 
Analytical Facility Internal Quality Control
The other part of the QC program is performed at the analytical facility. Special attention is paid to the calibration process making sure that a detector system is not put into service until it performs consistently within the desired precision and accuracy levels. After a system is put into service, weekly measurements designed to detect deviations from these levels are made as part of the routine schedule. The purpose of the procedure is to monitor the performance of the detector systems and make any needed adjustments to the software parameters or electronics to produce the correct results for known standards. Background counts are performed once a week to ensure that the detectors and caves are not contaminated by leaky samples.
The computer codes and procedures are documented. Changes made during software development and maintenance are recorded to keep records of the algorithms in use and n,oting changes in coding or logic. Thisallows for tracking changes that may affect analytical results.
Interlabovato y Comparison
Between these two QC efforts, the probability of careless errors in the analysis process becomes less likely. . .
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